Aim: The present investigation intended to compare the craniometric variations of two samples of different nationalities (Brazilian and Scottish). Materials and methods: The Brazilian sample consisted of 100 modern complete skulls, including 53 female skulls and 47 male skulls, and the Scottish sample consisted of 100 historical skulls (61 males, 39 females) and 36 mandibles (24 males, 12 females). The cranial measurement protocol was composed of 40 measurements, 11 bilateral and 29 unilateral, and the measurement protocol of the mandible was composed of 15 measurements, with six that were bilateral and nine that were unique. The comparative analysis of the metric variability between the two samples was performed using the means and medians analysis, the t-test, the Wilcoxon test, and the coefficient of variance, with a significance level of 5%. Results: The results showed that, among the 72 analysed variables, 44 measurements (61.11%) presented statistical differences between the samples.
Introduction
The existence of craniometric variability among the most diverse populations is well established in the scientific literature [1] [2] [3] [4] [5] [6] [7] , and the development of analytical standards specific to each geographic location is of paramount importance. The factors associated with changes in the shape and size of the skull can be categorized as intrinsic (genetic factors) or extrinsic (factors related to environment) factors 3 . Inter-population and intra-population craniometric variations can be estimated based on the proportion of these two types of factors. In other words, the morphological variations of the human skull are the result not of the influence of a single factor, but rather of an association among factors. Therefore, studies of human craniometric variability should be performed using a multifactorial approach.
Among the various factors that are associated with craniometric variability, age, climate and the human evolutionary process should be highlighted. Bone remodelling is a continuous process throughout human life. Certain bone alterations can be observed in the fundamental planes, such as increases in the maximum length of the skull, the bizygomatic width, and the maximum width of the skull. These changes occur during adulthood, which is between 20 and 80 years of age 8 .
Climate can be considered as a factor of great impact in regional and global craniometric variations, mainly in extreme climatic regions, including regions with extremely low or high temperatures 9 . The cranial modifications associated with temperature are the result of adaptive characteristics that human beings possess. The skulls of individuals living in cold and dry climates have a tendency to be wider compared to skulls from regions with high temperatures, which tend to be narrower and elongated [9] [10] [11] . The cranial structure that has the greatest climate-related plasticity is the nasal region. This fact can be explained by the adaptation of nasal structures over time relative to survival according to local climatic changes 9, 12 . The morphology of the nasal cavity is extremely important to establishing the dynamics of airflow, so the dimensions of this structure are directly related to the airflow during the inspiratory and expiratory processes. In addition, the variability of the nasal region is associated with humidity and latitude. In analyses of the morphology of the nasal cavities, because of the adaptive processes relative to the climate, individuals who live in cold and dry regions tend to have higher and narrower cavities compared to individuals who live in hot and humid regions. In addition, in cold and dry regions, the nasal cavity tends to be deeper, increasing the contact area with the mucosa to optimize the air-heating process [12] [13] [14] .
In Brazil, beyond the diversity of demographic and ethnological conformations, the climate is also considered heterogeneous. This climatic variability may be attributed to several factors: the great territorial extension, the geographical physiognomy, and the relief, and the dynamics of air masses can characterize this diversity. In contrast, the Scottish climate tends to offer smaller variations, and, similar to its demographic characteristics, it is more homogenous in all its territorial extension. When analysing the climatic characteristics of the two countries, the variation is evident. Brazil is characterized by higher average temperatures compared to Scotland. The Brazilian demographic, ethnological and climate scenarios are more heterogeneous than Scotland' s, which tend towards homogeneity.
Human evolution can also be considered a factor of great impact in the morphometric alterations of the skull. The craniometric variabilities occurring over time between generations can be categorized into two classes: short-term changes and long-term changes 3 . Short-term changes, or secular trends, are variations occurring between two or three generations due to several environmental factors, such as industrialization, urbanization, migratory processes, nutritional factors and socioeconomic level. Thus, the variations that have occurred and the intensity of these variations are specific for each population and do not follow a universal parameter. Studies around the world have shown that several modifications of the skull have occurred over time [1] [2] [3] [4] [5] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
The human skull and mandible plasticity are correlated with the processes of structural and functional adaptations occurring over time, resulting in the heterogeneity of cranial and mandibular morphology among populations around the world. Consequently, the levels of accuracy and reliability of anthropological techniques are highly sensitive to the population type because the level of biological data varies significantly between populations. Therefore, changes that seem to be appropriate for one population may not be appropriate for another. Cranial plasticity and mandibular plasticity are factors of great importance to forensic anthropology. The study of diverse populations is essential for the development of references to help in the establishment of biological profiles. Cranial and mandibular variability exists in intra-and inter-populational spheres as a result of multifactorial causes that should be studied together. Several studies have been published with the common objectives of explaining the morphological and metric variations of the human skull and mandible that occur in the inter-and intra-populational spheres and correlating these variations with regional demographic characteristics [24] [25] [26] . The present study aimed to evaluate the craniometric variations between two samples of different nationalities (Brazilian and Scottish).
Materials and methods
The convenience sample consisted of 200 skulls and 136 mandibles of 114 males and 86 females, all catalogued with records regarding age, ancestry and sex. The Brazilian sample consisted of 100 complete skulls (skulls and mandibles from the same skeleton), with 53 female and 47 male, from a 20 th century collection that belongs to the Institute of Teaching and Research in Forensic Sciences (Instituto de Ensino e Pesquisa em Ciências Forenses, IEPCF). The Scottish sample consisted of 100 skulls (61 males, 39 females) and 36 mandibles (24 males, 12 females) from the Anatomical Museum of The University of Edinburgh and from the Center for Anatomy and Human Identification at the University of Dundee. The Scottish skulls and mandibles were collected by anatomy professors during the 18th and 19th centuries to teach anatomy, anthropology, and comparative anatomy, and they represent a comprehensive range of human structure from across the world. The inclusion criteria adopted for this research were the absence of extensive fractures and skulls and mandibles belonging to individuals older than 18 years. The exclusion criteria were trauma and extensive fractures ( Table 1 ). The availability of osteological documented materials is limited, because of that the convenience sampling was the method of choice in the present study. The sample power were calculated using the G*Power 3.1.9.2 software. The cranium sample power obtained was 0.96, with an effect size mean of 0.50, a significance level of 5%, a critical t of 1.65 and using Post hoc analysis. The mandible sample power obtained was 0.99, with an effect size mean of 0.84, a significance level of 5%, a critical t of 1.97 and using Post hoc analysis.
The application of the measurement protocol had, as a reference, 34 craniometric landmarks, 15 odd points in the median sagittal plane and 19 even points (PL) located in the lateral planes ( Table 2 ). The cranial measurement protocol was composed of 40 measurements, including 11 bilateral and 29 unique variables ( Table 3 ). The measurements were grouped into five categories according to their anatomical location: superior cranial measurements, anterior cranial measurements, lateral cranial measurements, posterior cranial measurements and inferior cranial measurements. The measurement protocol for the mandible was composed of 15 measurements: six that were bilateral and nine that were unique ( Table 4 ). The measurement protocol was applied to the two samples following the same parameters. Two fundamental plans were used as a reference for the standardization and alignment of the skulls: the median sagittal plane and the Frankfurt horizontal plane. For the mandible analysis, the mandibular plane and the median sagittal plane were adopted as fundamental plans for the standardization of the protocol.
Measurements were performed with a digital calliper (Lee Tools, Houston, Texas, USA) with a minimum measurement of 0.01 mm, a maximum measurement of 150 mm, and a resolution of 0.01 mm. Measurements that were not measurable with the digital calliper were taken using a curved compass, a protractor, and a compass (Tables 3 and 4 ).
In addition to the metrology equipment described above, two stabilizing devices, namely, a skull stabilizer (Fig. 1 ) and a mandible stabilizer (Fig. 2) , were used in this research to standardize the measurement protocol by aligning the skull and mandible relative to the fundamental planes of the human body. The skull stabilizer patent was registered in 2012 under number P.I. 1,103,246-4, and the mandible stabilizer patent was requested from the National Institute of Industrial Property in Brazil (INPI), BR 10 2013 003270-0.
The data obtained in the craniometric analysis were registered using the Excel program (Microsoft Office®) to generate an organized spreadsheet of values. Statistical analysis was performed with SPSS 22.0, STATA 13.0 and MedCalc, with a significance level of 5%. Initially, it was performed the skewness/kurtosis normality test to verify the distribution of the data, referring to the measurements made in the Brazilian and Scottish samples. Among the analysed variables, the Brazilian sample presented 59 variables within the normality curve and 13 variables with a non-normal distribution. The Scottish sample presented 50 variables with a normal distribution and 22 variables with a non-normal distribution. Therefore, a parametric test (t-test) and a non-parametric test (Mann-Whitney) test were implemented for all variables in addition to analyses of means, medians and the coefficient of variation. In order to verify the difference between both skull sample, it was applied discriminant analysis. This investigation was conducted in accordance with the international and national parameters for ethical investigations involving human beings, and the investigation protocol was submitted to and approved by the Ethics Committee of the University of São Paulo's School of Dentistry (FOUSP), process number 1.556.080. Table 2 . Definition of the landmarks.
Landmark Abbreviation Definition
Alare al Instrumentally determined as the most lateral points on the nasal aperture in a transverse plane. Table 4 . Definition of the mandibular measurements.
Alveolon

Measure Abbreviation Definition
Mandibular Cranial Measures
Chin height a CHH Linear distance from infradentale (id) to gnathion (gn).
Body height at mental foramen a HMB Distance from the alveolar process to the inferior border of the mandible at the level of the mental foramen.
Body thickness at mental foramen a BMB Maximum breadth at the level of the mental foramen and perpendicular to the long axis of the mandibular body.
Bimentale length a BML Linear distance between right and left mentale (ml).
Bicoronoid breadth a BCB Distance between the highest points of the mandibular coronoid processes.
Bicondylar breadth a CDB Linear distance between right and left condylion laterale (cdl).
Mandibular notch breadth a MNB Distance between the superior point of the condylar process and the superior point of the coronoid process.
Minimum ramus breadth a MRB The minimum breadth of the mandibular ramus measured perpendicular to the height of the ramus.
Maximum ramus breadth a MARB The maximum breadth of the mandibular ramus measured perpendicular to the height of the ramus.
Maximum ramus height c MRH The distance from gonion (go) to the highest point on the mandibular condyle.
Maximum mandibular length a MLT
The distance from the anterior margin of the chin to the midpoint of a straight line extending from right gonion (go) and left gonion (go).
Bigonial breadth a BGB Linear distance between right and left gonion (go). Table 5 shows the results of the comparative analysis of the metric variability between the two (Brazilian and Scottish) samples. Among the superior cranial measurements, only the cranial base length (BNL), the basion-prosthion length (BPL) and the frontal cord (FRC) showed no significant differences between the two samples. Variations of the standard deviation relative to the mean correlating the two samples ranged from 4.02% to 7.55%. Among the anterior cranial measurements, seven variables showed differences between the two samples: upper facial height (NPH), right and left orbital breadths (OBBd and OBBe), zygoorbital breadth (ZOB), interorbital breadth (DKB), nasal height (NLH) and nasal breadth (NLB). The measurements that showed the greatest variation among the samples were the frontal interorbital breadth (IOB) (16.57%), interorbital breadth (DKB) (13.21%), upper facial height (NPH) (12.31%) and zygoorbital breadth (ZOB) (12.24%). Among the lateral cranial measurements, only the left asterion-porion length (APLe) did not present a difference between the groups. All measurements showed between-sample variations greater than 8%. None of the variables related to the posterior cranial measurements presented a significant difference between the two samples. The lambda-inion chord (LIC) presented a coefficient of variation of 12.38%. Among the inferior cranial measurements, only two measurements had no significant differences, that is, the palatal length (PAL) and maximum alveolar breadth (MAB). All variables presented a coefficient of variation greater than 10%.
Among the mandibular measurements, 11 variables showed metric variability between the two samples: the right and left body heights (HMBd and HMBe), right and left body thicknesses (BMBd and BMBe), maximum ramus breadth (MARB), right and left maximum ramus heights (MRHd), bigonial breadth width (BGB) and right mandibular angle (MAd). Among the 21 mandibular measurements analysed, five presented variations greater than 20%, nine had variations between 10% and 20%, and seven showed variations less than 10% (Table 6 ). In the discriminant analysis of the 51 cranial measurements, the percentage of accuracy varied between 45-74.9%. Since nine cranial measurements demonstrated an average percentage of classify correctly between 65-70% and two cranial variables showed a percentage accuracy higher than 70%. In the univariate discriminant analysis of the 21 mandibular measurements, four variables showed an average percentage of classify correctly between 65-70% and four showed a percentage accuracy higher than 70%, the percentage of accuracy varied between 46.3-83.8%. Wilks' Lambda (λ) ranged from 0.681 to 1.0, the variables that showed the greatest difference between the two samples were the right and left body thicknesses (BMBd λ=0.680 and BMBe λ=0.714) and right and left maximum ramus heights (MRHd λ=0.726) ( Table 7) .
Discussion
The metric variability analysis of the samples showed that of the 72 variables, 44 measurements presented significant differences between the samples (61.11%). The Scottish sample had a higher mean compared to the Brazilian sample for 54 variables among the 72. Considering only those measurements that showed significant differences, the Scottish sample presented higher averages for 33 variables. However, among the measurements that showed differences between the samples, only seven variables had a mean difference greater than 5 mm: maximum cranial length (GOL) (diff=5.53 mm), nasal height (NLH) (diff=5.33 mm), right body height (HMBd) (diff=5.2 mm), left body height (HMBe) (diff=6.52 mm), right (MRHd) (diff=8.93 mm) and left (MRHe) (diff=9.57 mm) maximum ramus height, and bigonial breadth (BGB) (diff=5.29 mm).
In this study, the Scottish sample was considered historical because the skulls came from the 18th and 19th centuries. In contrast, the Brazilian sample was a contemporary, or modern, sample, with skulls and mandibles belonging to a collection originating from the 20th century. Considering the plasticity of the skull over time, anatomical evaluations indicate a decrease in cranial measurements 7, including a reduction of the facial breadth that results in narrower and elongated faces 1, 15, 18 and mandibles 5 . It is not possible to confirm that the results found in the present study are related to inter-populational variation or cranial plasticity due to the temporal differences between the samples. This factor can be considered as a limitation of the study.
The results show that the Scottish skulls tended to have a greater cranial length (GOL), breadth (XCB) and height (NPH) compared to the Brazilian skulls. These factors may be associated with the climate of a region with colder temperatures compared to the average temperatures in Brazil. The skulls from regions with predominantly cold climates tend to be wider compared to those from hot and humid regions 9, 11 .
The nasal cavity also shows changes due to temperature, humidity and latitude. In hot and humid regions, this cavity tends to be lower and wider, but in cold and dry regions, it tends to be higher and narrower [12] [13] [14] . In the current study, the Scottish sample had a mean nasal height (NLH) of 51.73 mm and an average nasal breadth (NLB) of 23.51 mm, and the Brazilian sample values were 49.29 mm and 24.42 mm, respectively. The results of this study showed that the nasal cavities of the Scottish skulls tended to be higher and narrower compared to those of the Brazilian skulls, a feature that may be associated with variations in temperature, humidity and latitude, as described in the literature. According to the results obtained in the present study, the Scottish mandibles tended to have a greater mandibular ramus height (MRH), mandibular body height (HMB), and bigonial breadth (BGB) than the Brazilian mandibles. Martin and Danforth 5 concluded that the jaw tends to become longer and narrower and that these secular changes are the result of dietary changes and improved medical and dental care. The measurement of mandibular body height (HMB) is directly related to tooth loss. After dental extraction, the alveolar processes are reabsorbed, resulting in a reduction of the height of the mandibular body. Furthermore, this variable is closely related to the age factor. However, the association with the age factor could not be determined in the present study due to the absence of documentation related to the Scottish sample 27 .
The discriminant analyses confirmed the differences found in the descriptive analyses. Most of the variables showed a lower percentage of accuracy (<55%), which means that this variables did not discriminate the samples. On the other hand, six variables showed acceptable accuracy (>70%). The present study found metric differences between the two analysed samples. This variability can be considered as multifactorial because factors such as the temporal differences between the samples, age, temperature, humidity, latitude, diet, and ethnographic and demographic profiles, among other factors, may influence the variability. As a result, the present study affirms that certain variables presented statistically significant differences between the samples, but a concrete cause for this variability could not be determined.
The study of diverse populations is important to understand the craniometric variations around the world and the factors that affect this variability. Future studies performed using a multifactorial approach are required to understand the variations of the human skull.
In conclusion, the variability analysis showed that metric variability exists between the two studied populations. Scottish skulls tend to have a cranial length (GOL), breadth (XCB) and height (NPH) greater than those of Brazilian skulls, and Scottish mandibles tend to present a greater mandibular ramus height (MRH), mandibular body height (HMB) and bigonial breadth (BGB) than Brazilian mandibles.
